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ABSTRACT 

Perovekice  (CeTiO^)  hae  been  expoaed  Co  hydrochertnal  chemical  attack  in 
aqueoua  aolucion.  Dependence  on  temperature  (  IS0-250*C)  and  on  duration  of 
attack  (I  to  35  daya)  have  been  inveacigated .  It  waa  found  chat  a  precipitate 
aurface  layer  waa  farmed.  The  chicknesa  of  chia  layer  ranged  from  a  few  mono- 
layera  to  aeveral  hundred  nanomecera  for  the  leaac  and  the  ooat  aevere  hydro¬ 
thermal  conditional  reapectively .  The  coaipoaition  of  the  layer,  aa  deduced  by 
aurface  analytical  Cechnlquea,  auggeata  that  (i)  there  is  congruent  diaaolution 
of  Che  perovakice  aurface,  (ii)  a^TiO^  precipitate  layer  ia  formed,  and 
(iii)  the  preaence  of  ailica  and^C02  in  aolucion  do  not  appear  to  affect 
aubacancially  the  owchaniam  of  the  race  of  diaaolution. 
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Fleur*  1*,  b  Abiudanc**  of  (a)  Ca  and  81,  and  (b)  Ti  and  0  aa  function* 
of  ion  atchlne  doa*.  Data  at*  ahovn  for  th*  following 
surfacas:  pollahad  unlaachad  aurfac*  CRO)  ■  •;  hrs  at 
300*C  in  DDW  (Rl)«  O;  30  hra  at  175'C  In  DDW  +  GIO,  (F2) 

-  |;  230  hra  at  175*C  In  DDW  4^  SIO,  (R3)  -a^and  S2S  hra 
at  175*C  In  DOW  ♦  810,  (R4)  -  x.  Th*  noalnal 
atelchloawtrlaa  ar*  ahovn  for  CaTlC^  and  CaTlSiOj.  An 
approxiaat*  dapth  acal*  la  ahovn  on  th*  top  horizontal 
axla. 

Figur*  2a,  b  Abundancaa  of  (a)  Ca  and  Si,  and  (b)  Ti  and  0  aa  functinn* 
of  Ion  atchlng  doa*.  Th*  affac^  of  purging  abaorhad  CO., 
froa  th*  laachant  la  Invaatigatad.  290  hrs  at  ISO'c  In'* 
DOW  ♦  810.  (unpurgad)  (R6)  ■  •  and  820  hr*  at  llO'c  In  DDW 
4  SlOj  (purgad)  (R7}  >  0. 


(ii) 


in—tMtleas  -  CaatiwMd 


Tlgar*  Sm,  b  AbaBdaaeai  ot  («)  C«  aad  II,  aud  (b)  T1  and  0  aa  fnnctlosa 
ot  loe  atcblac  doaa.  Tha  affact  of  taaparatura  la 
lavaatlfatad.  210  hrr  at  1S0*C  In  OOW  ♦  810,  (16)  ■  •, 

2S0  bra  at  17S*C  in  DOW  ♦  810.  (13)  -  o;  168  hra  at  2S0*C 
la  new  «  liO,  (M)  *  x;  670  hra  at  2S0*C  In  DDW  ♦  810, 

(M)  -a. 


rifura  6  lladlnc  anargiaa  ot  0  la,  T1  2pji,,  C  la  and  81  2p 
alaetrona  aa  functlona  of  Ion  attMnt  doaa  for  an 
tmlaachad  apaeiaan  (10)  ■  •URl)"  0;nt2)-  (li3)"Q;ind(R4) 

■  a.  Run  eoadltloaa  ara  llatad  In  Tabla  1  and  In  caption 
for  flpora  1. 


rigura  Sa,  b  llndlns  anarglaa  aa  functlona  of  Ion  etching  dose  R6  ■  • 
and(l7)a  O;  ara  ahown  In  (a)  and(R3)  ■  0,*(R6)a  Q 

aad(R9)  ■  a  ara  ahown  In  (b) .  Ihu>  condltlona  ara  iiatad  In 
Tabla  1  and  Flgoraa  2  and  3. 

flgnra  6  Baelntlon  of  0  la  aavalopa  aa  function  of  Ion  atcnlng  doaa 

for  R8,  ahowing  eharga  anlftad  paak  dua  to  althar  tha 
praaanea  of  praclpltatad  tltaaata  on  attacked  aurfaca,  or 
a  praclpltatad  alllcaeaoua  layar. 

Flgnra  7  Exparlnantal  Ti  2p  anvalopaa  for  a  (a)  po'.lahad  u  .ached 
aurfaca  (RO),  (b)  300*C  for  4SS  hra  In  D':*/  (Rl)  an.i 
(c)  17S*C  for  2S0  bra  la  DOW  *  810,  (R3)  after  ID  -  100 
(Uala. 


Flgura  8a,  b  REN  alcrographa  of  fractura  faea  of  parovaklto  (R)  i  after 
7  daya  In  DOW  at  2S0*C.  (a)  and  (b)  ahov  tha  fra'  ’  t. 

face  bafora  and  aftar  pollahlag. 

Flgura  9  AES  point  ac.  na  on  parovaklto  fracture  face.  Top  iran  la 

for  PI  (Figure  8a)  In  tha  parovaklta  .lubatrata,  aMdla 
acan  la  for  P2  at  tha  aubatrato/pracl)>ltata  Intarf.'-.  and 
tha  bottoa  acan  la  for  P3  la  tha  precipitate  layar. 


(ill) 


liffltOPOCnON 


ParoviUta  la  ona  ot  tha  aajor  phaaaa  in  tha  alnaral  assaablaga 
known  as  Synroe  C  which  has  haan  proposed  by  Rlaswood  [l]  as  a  aatrlx 
for  disposal  of  hlgh-laval  nuclear  wasta  (HLW)  from  the  light  water 
reactor  fuel  cycle.  The  Synroc  C  waste  fom  has  exhibited  excellent 
chenlcal  durability  under  a  variety  of  extreae  hydrothersMl  conditions 
[2].  These  studies  have  not  sought  to  slnulate  actual  repository 
conditions  although  tha  effects  of  nany  other  variables  such  as 
tanperatura,  praaaura,  pH  and  tine  have  been  investigated.  It  has  been 
pointed  out  by  Nesbitt  at  al.  [3]  however,  that  Ca-perovsklte  (and  its 
Sr  and  Ba  analoguea)  are  thenod.’naalcally  unstable  (although  there  nay 
be  kinetic  constraints)  in  nany  natural  groundwaters  -  especially  if 
these  contain  either  dlaaolvad  CO2  or  aquaoua  silica  in  solution.  There 
are  aavaral  possible  reactions: 


CaTlOj  +  COjCg)  ■  TiOj  ♦  CaCC  (1) 

CaTlOj  +  SlOj  (aq)  •  CaTlSlO^  (2a) 

or  TlOj  ♦  Ca^*  silica  gel  (2b) 

CaTlOj  +  -  TIO^  +  Ca(0H)2  (3a) 

or  TlOj  ♦  Ca^'*’  +  20H”  (3b) 


The  hydrothernal  decoopositlon  reaction  of  CaTiO^  in  the  prese.. 
of  CO^  in  the  fluid,  to  TIO^  and  CaCO^,  has  been  the  subject  of  a 
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pravieoa  atiady  of  oartMo  altorotlon*  of  ••varal  tltanata  olnarala 
[4] ,  Tho  proBOBt  atndy  focuaaoa  oti  tho  two  lattar  oacbanlaM  wharaby 
parowaklta  and  alllea  la  a  hydrotbaraal  anwlronaant  aay  raact  to  fora 


althar  aphaoa  (CaTlSlOj)  or  T102'  Surfaca  analytical  tachnlqoaa  hava 
boon  oaad  to  Idantlfy  tho  rataa  and  predncta  of  tha  fluld/aolld 
latarfaca  raaetloaa.  X-ray  Photoalactron  Spactcoacopy  (XPS)  and  Autai 
Blactron  Spactroaeopy  (AU)  tuva  prcwan  aapaelally  powarful  bacauaa  thay 
hawo  dapth  raaolatlona  of  5-20  A  and  ara  abla  to  provlda  "chanlcal" 
Infomatlon.  AXS  baa  tba  additional  vlrtua  of  providing  lataral 
raaolutlon  In  tba  anb-pa  ranga.  Thus  it  con  ha  Ip  to  Identify 
praclpltata  phaaaa.  Tbaaa  tachnlquaa  bava  baan  valldatad  by  aarliar 
work  on  tltanataa  and  on  Synroc  {S,  6].  Tba  Inforoatlon  thua  obtalnad 
can  ba  ralatad  aora  dlraetly  to  tha  affacta  of  aquaoua  attack  on  tha 
aolld  oatrls  than  can  that  obtalnad  from  aolutlon  analyala  and  froa 
othar  analytical  tachnlquaa  auch  as  Elactron  Proba  X-ray  Nlcroanalyala 
(EPMA)  or  8EM/E0S  which  hava  dapth  raaolutlona  of  tha  ordar  of  1  pa. 


EXPERIHEyTAL AND  AWALYTICAL  TECHNIC 


Tba  apaclaan  oatarlal  waa  obtalnad  froa  Anson  Ltd.,  Navcastle-upon- 
Tyna,  UK,  aa  oonollthlc  dlaca.  Tha  oanufacturar  raportad  that  thesa  had 
baan  praparad  by  cold  praaalng  and  alntarlng  Analar  grade  reagents  at 
1300*C  for  2  houra.  X-ray  diffraction  sbowad  that  there  warn  no 
datoctabla  nlnor  phaaaa  at  <  IX  laval  of  datectabl '  Ity .  Howav>:r, 
optical  and  SEN  alcroacopy  revaalod  aubatantlal  open  porosity.  One 
aurfaca  of  aach  apaclOMn  waa  pollshad  to  a  1  po  dlaoond  paste  finish  and 
claanad  ultraaonlcally  In  oathanol  to  anaure  that  initial  surface 
conditions  wara  always  Idantlcal. 


Tb*  ■onollthle  ■paelMna  (a  l  ca  diaaatar  and  ■  2  aa  thlcknaaa) 
vara  loadad  into  a  Parr  hydrothataal  raaetlon  aaaaal  (‘‘baab")  (llnad 
alth  Taflon)  with  20  al  of  Aaalar  diatlllad  dalonlaad  H^O  (OTW);  tha 
gaoaatrleal  apaelBaa  aarfaca  axaa  to  laaehant  vol’iaa  ratio,  A/V,  waa 
tbarafora  about  10~^  a~^.  Plnaly  dlaldad  CAB-0-8IL  SIO2  powoar  1 
aaaa  dlaaatar)  waa  Inclodad  la  aa  aaooat  anfficiant  to  anaura  that  tha 
aolutloa  would  alwaya  ba  aaturatad  with  raapact  to  aaorpboua  allica.  It 
la  llkaly  that  tha  vaaaal  aad  Ita  centaata  raachad  tha  praaat 
taaparatura  of  tha  ovaa  wlthla  two  houra,  although  tha  Interior 
taaparatura  of  tha  raaetlon  vaaaal  could  not  ba  oonltorad,  whlla  the 
vaaaal  could  ba  quaaehad  to  laboratory  aablant  In  laa^  than  IS  aint  at 
tha  und  of  a  run.  Aftar  aztractlon  froa  tha  vaaat la  tha  apaclwana  ware 
cleaned  ultraaonlcally  la  aeatona  In  order  to  raonva,  aa  far  aa 
poaalbla,  abaorbad  water  and  8IO2  adharins  to  axtarior  aurfacaa  and 
Interior  poraa.  Exparlaanta  ualng  the  Parr  vaaaala  wura  carried  nut  at 
1S0*C  and  175*C.  Tha  taaparatura  range  waa  axtandad  to  250*C  by  using  a 
large  atalnlata  steal  vassal  (no  Taflon  liner)  with  a  voluoe  of  1  litre. 
This  vassal  had  a  longer  tlaa-constant  for  heating  and  quanchlng,  but 
the  uncertainty  In  tha  duration  of  tha  affective  tiaa  at  tawparature  was 
at  aost  no  aora  than  lOf.  Tha  ODV  was  slallarly  saturated  with  finely 
divided  BlOj  powder.  One  axparlaant  was  also  carried  out  by  enclosing 
the  parovsklta  spaclaan  and  ODV  In  a  allvar  bag,  which  was  than  loadad 
Into  tha  stainless  steal  vassal.  In  this  esse  A/V  was  about 
5  X  10“*a"^. 


Dlstlllad  watar  in  an  open  container  will  raac'lly  and  rapidly 
abaorb  CO2  froa  tha  ataosphara.  Thus,  a  noraal  dissolution  run  will  da 


facto  axpeao  a  apoelaan  to  CO2  In  aolutlMi.  It  la  poaalbla  that  the 
pxaaanea  of  CO^  My  affoet  reaction  paths  (2)  and  (3).  Tharafora  ona 
nm,  using  s  Parr  vaasalt  van  carried  ont  in  such  a  way  as  to  axcluda 
C02>  This  was  dOM  by  allowing  tha  open,  but  loaded,  vessel  to  boll 
vlgotottsly,  la  order  to  drive  off  tha  CO2  and  than  sealing  tha  hot 
vessel . 

Pxe-  and  post-attack  faaturea  of  tha  polished  surfaces  wars  atudlad 
by  XP8  and  AES.  Three  different  spectroMtars  ware  used,  viz.  at 
Harwell  VG  ESCALAB  Hk.  I  and  Hk.  II  Instruaants  with  haaispherlcal 
energy  analysers,  and  at  the  Brisbane  Surface  Analysis  Facility  (BSAF)  a 
PHI  Kodel  560  instruMSt  with  a  double  pass  cylindrical  eirror  analyser. 
Tha  XP8  capabilities  of  the  spectroMters  ware  roughly  cooparabla  while 
high  spatial  resolution  AES  could  be  carried  out  only  on  tha  ESCA1,AB  Hk. 
II  InstrusMnt.  Selected  spectral  peaks  for  all  atonic  species  Cm,  Ti , 
81,  C  and  0  were  nonltored.  Ion  bean  etching  was  carried  out  to  depths 
of  up  to  ISO  nn  and  scans  were  obtained  at  selected  depth  Intervsls. 

The  areas  under  the  selected  peaks  were  detansined  and  accepted 
sensitivity  factors  [7]  ware  used  to  daternlne  alsDental  abundances. 
Also,  the  peak  positions  by  XPS  were  determined  to  an  accuracy  of  ±  0.2 
eV  while  peak  anvalopes  ware  csonitored  In  order  to  gain  further 
InturMtloh  about  the  chemical  state  and  environment  of  each  species. 
Typical  XPS  InstruMntal  parameters  were  as  follows  for  the  two 
spectroMters,  those  foe  the  PHI  InstruMnt  being  shown  in  par>-nthesis . 
Survey  scans  at  low  renolutlon  ware  characterised  by  a  constant  analyser 
pass  energy  of  100  eV,  scan  IncresMnts  of  1  (0.5)  eV  and  a  scanning  rate 
of  1  (20)  IncreMnt  s  Detailed  scans  over  individual  peak.s  (0  Is,  Ca 
2p,  Tl  2p,  C  Is,  SI  2s  and  SI  2p)  used  a  pass  energy  of  50  (25)  eV, 
IncraMnts  of  0.2  eV  and  scan  rates  of  0.2-0. 5  (20)  increments  s  Tlie 


VG  d«ta  war*  obtaimd  tram  a  aln^l*  acan  whll*  In  tha  caa*  of  th*  PHI 
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laatnacat  muty  acaas  war*  awaragad.  Tb*  working  •racuua  waa  10  torr 
or  battar,  aitr*M  URV  eouditioaa  not  balng  raqulrad  for  th* 
noa-raaetlv*  anrfacaa.  Coaaldarabla  charging  was  axparlancad  for  the 
fresh  snrfaeas  (shifts  of  np  to  S  *V  la  th*  0  Is  paak  position  war*  not 
nncoaaon) .  Ion  baaa  etching  and  its  attendant  radiation  damag*  tsndad 
to  Incraas*  th*  surface  conductivity  and  to  allninata  charging:  a  dosa 

—2  4 

of  30  |iA  «ln-cn  of  S  kaV  Ar  ions  was  usually  sufficient.  Th*  C  Is 
peak  Is  not  a  reliable  energy  oarker  for  theaa  catoriala  since  carbon 
occurs  both  as  an  unavoidable  graphitic  contaminant  and  as  carbonates  In 
the  surfac*  In  accord  with  reaction  path  (1).  Graphitic  contamination 
is  unlvarsally  prasant  at  the  monolayer  laval  unless  clean  surfaces  have 
bean  praparad  under  axtran*  UHV  conditions.  In  addition,  the  state  of 
ceramic  technology  Is  such  that  graphitic  contamination  will  be  present 
In  th*  bulk  for  those  particular  specimens.  However,  previous  work  has 
shown  that  tha  Ca  P**h  does  not  shift  much,  after  surface 

contamination  has  boon  removed,  from  a  position  corresponding  to  a 
binding  energy  of  347.8  *V  Irrespective  of  Ion  dose,  the  type  of 
tltanata  and  the  condition  of  th*  surface.  This  peak  was  therefore  used 
as  an  energy  marker  In  the  present  work.  The  instrumental  parameters 
for  acquisition  of  AES  data  were,  constant  retard  ratio  of  4; 

Incramants  of  0.5  and  1.0  *V,  raapactlvaly,  below  and  above  1000  eV 
klnatlc  energy;  10  kaV  primary  electron  energy;  beam  current  of  3  nA; 
beam  diameter  *  0.5  pm. 


tatsain 


Th«  ••■•ntlal  paraMtars  for  tha  talavant  runa  ara  llatad  In  Tabla 
1.  Survay  acana  vara  obtaioad  of  aurfacaa  bafora  attack,  aftar  attack 
In  DDV  and  aftar  attack  in  DDW  aaturatad  vlth  alllca  and  CO2-  Tha  oajor 
paaka  vara  Idantlfiad.  It  waa  Inaadlataly  avldant  that  tha  affact  of 
tha  hydtotharval  anvlronnant  wan  to  produca  a  aurfaca  with  a  lowar 
calclun  concantratlon  and  to  Introduca  aillcon.  Plguras  la  and  b  show 
tha  concantratlon  prof lias  for  all  aajor  spaclan  as  functions  of  Ion 
dose,  ID,  for  an  as-recalved  apacliiien  and  apaclnens  attacked  In  DDW  (Rl) 
and  In  DOW  *  SIO^  *  CQ^  for  30  (R2),  250  (R3)  and  525  (R4)  hours.  Based 
on  pravloua  axparianca  It  la  llkaly  that  1  pAain  ion  dose  Is  roughly 
aqulvalant  to  a  raaoval  of  0.2  na  of  aurfaca  aatarlal  [5,6].  Tha 
noalnal  stolchloaatrlaa  of  CaTiO^  and  CaTlSlOj  are  shown  for  comparison. 
Tha  affect  of  dlsaolvad  CO^  on  tha  chaaleal  attack  at  150*C  Is  shown  In 
Flgura  2a  and  b.  Tha  two  runs  (R6  and  R7)  ware  roughly  comparable 
Insofar  as  the  tasqiaraturas  were  Identical  although  the  durations 
dlf farad  by  a  factor  of  three.  The  major  differences  appear  to  be  in 
tho  T1  profiles.  This  spaciea  was  substantially  depleted  in  the  absence 
of  dlsaolvad  CO^  while  sosm  anrichaant  In  tha  near  surface  layers 
occurred  whan  CO2  was  present.  Somewhat  surprisingly  it  was  found  that 
tha  carbon  abundances  were  roughly  coaparabla  for  the  two  runs.  These 
are  not  plotted  in  Figure  2  but  ranged  froa  about  2S  ot.X  coverage  for 
Integrated  ion  doses  of  £D  “  0  to  about  lOX  for  LD  =  500  (sre  Table  2). 
It  is  therefore  likely  that  the  OMjor  source  of  carbon  was  due  not  to 
dissolved  CO2  but  rather  to  adventitious  surface  and  bulk  contamination 
of  the  spaclaan.  For  instance,  wo  have  found  that  exposed  tltanate 
surfaces  taka  up  CO.,  from  the  atmosphere.  The  temperature  dependences 
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of  th«  profllaa  ara  shown  In  Flcuraa  3a  and  b  which  show  data  froa  R6 
(150*C),  R3  (1975*C)  and  R9  (2S0*C).  Tha  najor  dlffarancas  wara  again 
found  for  tha  T1  profllaa  whara  tha  anrlchad  layars  vara  found  at  £D 
2S,  60,  200  for  ISO,  175  and  250*C,  raspactlvaly.  Also,  T1  bacaoa 
Incraaslngly  daplatad  with  hlghsr  taoparatura  In  the  first  few 
■onolayara.  Thara  was  a  slight  trand  towards  Increasing  depth  of 
daplatlon  for  Ca  with  incraaalng  taaparatuxa,  although  R9  (250*0  and  168 
hrs)  want  against  that  trend.  Similarly,  tha  trend  for  SI  was  that  of  a 
slight  Increase  In  concentration  with  tesiparature .  Finally,  carbon 
tendad  to  be  concentrated  B)ore  In  tha  first  few  monolayers  at  250°C  In 
conparlson  with  runs  at  lower  tas^>aratura ,  Table  2.  Results  for  I<8 
(longer  duration  than  R9)  have  bean  Included  In  Figure  3;  It  can  be  seen 
that  the  SI  concentration  Incraaasd  vary  substantially  with  time  while 
T1  and  Ca  wera  corraapondlxgly  daplatad. 

In  Figure  4  are  shown  tho  XPS  binding  energies  corresponding  to  the 
peak  positions  of  T1  0  Is,  C  Is  snd  SI  2p  versus  Ion  dose  for  the 

sssM  runs  as  tha  data  In  Figure  1.  The  effects  uf  dissolved  CO^  and 
teaparature  on  tha  binding  energies  of  these  species  are  shown  In  Figure 
5a  and  b.  The  binding  energies  have  been  corrected  for  charging  by 
setting  the  Ca  binding  energy  equal  to  347.8  eV;  the  binding 

anargy  of  this  lavel  Is  relatively  Invariant  for  all  compounds  which  are 
likely  to  be  present.  Typical  binding  energies  for  the  relevant  atomic 
species  are  listed  In  Table  3. 

Peak  envelopes  wara  obtained  as  functions  of  surface  treatment  and 
Ion  dose.  Tha  SI  Zp  envelopes  did  not  exhibit  any  unusual  features. 

Tha  Ca  2p  envelopes  tended  to  be  better  resolved  for  more  severe  attack 
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whan  coaparad  to  thoaa  obtainad  for  lowar  ta.iparatura  and  ahorter 
duration.  Tha  0  la  anvalopas  axhlbltad  soaa  bish  binding  anargy 
contrlbutlona ;  in  Flgura  6  ara  ahotm  0  la  a.  ./a  lope  a  for  R8.  Other  runs 
of  latsar  hydrotharaal  aavarlty  axhlbltad  saaller  high-binding  energy 
contrlbutlona.  Tha  T1  2p  anvalope  bofora  Ion  etching  was  substantially 
slallar  for  all  surface  conditions  (polished,  DDW  and  DDW  -f  SIO^ 
attack).  Tha  anvelopa  shovad  tha  well-known  trend  with  Increasing  Ion 
doaa  wharaby  :ha  Initially  pradoainant  tetravalent  character  of  the 
anvalope  would  acqulra  contributions  froa  states  of  lower  valency.  It 
was  found  that  tha  surf«<'e  exposed  to  slllcated  DDW  was  considerably 
aK>ra  affected  by  be  irdaent  than  any  other  surface.  This  is  shown  in 
Flgura  7  for  tha  T1  2p  anvalope  after  an  Ion  dose  of  100  pAmln. 

The  speclsien  froa  RIO  was  Investigated  by  SErl  and  AES.  After  7 
days  In  DOW  at  2S0*C  a  precipitate  layer  was  clearly  visible  to  the 
naked  eye.  The  spacloen  was  fractured  In  order  to  study  the  details  of 
this  layer  and  its  relationship  to  the  underlying  perovsklte  matrix. 
Figure  8a  shows  an  SEN  Image  of  the  fracture  face.  The  precipitate 
layer  Is  clearly  visible  and  there  Is  a  distinct  Interface.  This  face 
was  polished  In  order  to  highlight  t.\e  contrast  between  the  precipitate 
layer  and  the  perovsklte  substrata,  Figure  8b.  High  spatial  resolution 
AES  point  scans  ware  carried  out  along  a  line  perpendicular  to  the 
Interface.  Data  obtained  at  points  labelled  1,  2  and  3  in  Figure  8a  are 
shown  In  Figure  9 . 
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DISCUSSION 


El— nt«l  Ahanduc*! 

In  genaral,  tha  trend  Is  for  Ca  to  ba  increasingly  depleted  in  the 
post-attack  surface  layers  with  increased  duration  of  attack  and  with 
taaperatura.  Ti  is  also  depleted,  but  only  in  the  near-surface  layers, 
deeper  into  the  post-attack  surface  there  is  a  pronounced  enrlchnent . 
Tliasa  features  persist  to  progressively  greater  depths  with  increasing 
duration  and  tesqierature  of  attack.  The  trend  for  h..  is  to  exhibit 
greater  concentration  and  deeper  penetration  with  time  and  temperature. 
Similarly,  the  0  concentration  is  enhanced  in  the  post-attack  layer  and 
the  enhancement  is  more  prounounced  with  time  and  temperature,  linally, 
carbon  is  enhanced  in  the  near-surface  layer  but  is  depleted  in  the  bulk 
by  Increasing  duration  and  temperature.  Table  7..  The  trend  for  C  is  not 
entirely  systematic,  presiusably  because  the  supp.  y  and  chemical  state  of 
this  species  in  solution  are  not  well-controlled  variables. 

Binding  Energies  and  Peak  Shapes 

The  binding  energies  of  the  Ti  2p  electrons  are  affected  by 
.radiation  dasMge  associated  with  ion  bombardment;  the  reduction  in 
tltanates  of  tetravalent  Ti  to  species  of  lower  valencies  with 
increasing  ion  dose  has  been  discussed  elsewhere  [S,  6].  For  instance, 
it  has  been  found  that  zirconollte  and  hollandlte  are  less  resistant  to 
bombardawnt  than  perovskites  (in  terms  of  propensity  for  Ti  to  be 
reduced) .  The  present  data  show  that  the  post-attack  surface  layer 
contains  Ti  in  a  structure  which  is  relatively  more  vulnerable  to 
bombardment  than  perovsklte.  This  is  also  evident  from  consideration  of 
the  Ti  2p  envelopes  in  Figure  7. 
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Surfac*  81  lua  a  bindlin  acarcy  (2p  paak)  of  103.5  to  104.0  aV, 
which  la  eharaetarlate  at  SlOji  a  blndlnc  anargy  of  104  aV  aay  ba 
Indlcatlva  at  th«  prataaea  of  SI  gal.  Howavar,  It  exhibits  a  lower 
bladlag  taatgy,  about  102.8  aV,  in  the  caMlndar  of  the  post-attack 
layer.  The  latter  binding  energy  la  that  conaonly  obssrvad  for  the  SI 
2p  alaetrona  la  sllleataa;  SIO^,  with  0  S  x  <  2,  is  thought  to  havs  a  2p 
binding  anargy  which  dacraasas  from  103.3  aV  with  decreasing  x  until  99 
aV  Is  reached  for  alaaantal  silicon  [S].  It  is  llkaly  that  Si  occu  s  as 
a  hydrated  gal  apaclas  In  the  post-attack  surface  layer;  this 
Inter pratatlon  la  in  accord  with  a  2p  binding  anargy  below  that  of 
erirstallina  SIO^.  iilkawlsa.  the  high  binding  anargy  coaponent  of  the  0 
Is  paak  at  334  aV  la  consistent  with  the  Inferred  prasanca  of  a 
sllicacaoua  layer.  Howavar,  the  high  anargy  coaponent  0  Is  oay  also  be 
duo  to  charge  shifting  of  pracipltatad  Ti02  regions.  The  Ca  2p  anvalopa 
and  binding  energy  are  not  significantly  affected  by  boabsrdmnt  or 
severity  of  ehaaleal  attack.  Slailarly,  tba  Si  2p  anvalopa  does  not 
exhibit  any  unusual  features. 

The  binding  anargy  corresponding  to  the  C  Is  peak  in  general  Is 
about  288  aV  for  £0*0.  The  trend  is  than  that  this  energy  drops  ro 
around  285  aV  inside  the  post-attack  layar.  The  exception  Is  for  R3.  R4 
and,  in  part,  R8  for  which  high  binding  anargy  carbon  persists 
throughout  the  post-attack  layar.  Howavar,  these  observations  may  not 
bo  Folovant  or  significant  since  the  presence  of  carbon  In  the  system 
cannot  readily  bo  controlled. 

The  0  Is  paak  position  and  shape  after  attack  at  250°C  exhibit 
contributions  tram  althar  a  high  binding  energy  species  or  from  a  chargx 
shifted  surface  feature.  Thus  it  could  be  dun  to  either  oxygen  being 
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preaant  In  a  alllea  (al  layar  and/or  pracipltatad  Ti02  crystallltas  on 
tha  aorfaea.  Thaaa  eontrilniciofia  ara  anbancad  with  tha  duration  and 
aavarlty  of  tha  chanlcal  attack.  At  150  and  17S”C  thara  ara  no 
▼arlatlona  within  tha  arror  bara  axcapt  for  tha  noraal  alight  Incraaaing 
In  binding  anargy  for  £D  ••  0  an  a  raault  of  aurfaca  hydroxyl  atlon. 

Stmetura  of  Praclpltata  Layar 

XPS,  AES  and  SEM  analyaaa  provida  no  dlract  infomatlon  about  the 
atructura  of  aurfaca  layara.  Howevar,  thaaa  techniquaa  do  offer 
Indirect  evidence  for  tha  praaanca  or  abaanca  of  particular  structures. 
For  XPS  and  AES  tha  axpariaental  abundances  nay  be  related  to  expected 
stolchlooetrles ,  and  the  observed  XPS  binding  energies  nay  be  consistent 
with  the  chenlcal  envlronsMnt  of  a  particular  species  In  a  certain 
crystal  structure.  Tha  oorphology  of  precipitate  cryttallitas ,  ar 
datanlnad  by  SEK,  nay  also  suggest  tha  presence  of  a  particular 
structure.  In  principle,  one  night  expect  CaCO^,  TlO^,  CaTlSiO^  and 
SIO2  to  be  present  as  cryatallina  praclpltatas  on  the  CaTlO^  substrate. 
Anorphous  alllcaceous  and  titanaceou'i  layers  may  also  be  present. 

The  conbined  evidence  from  XPS,  AES  and  SEM  suggests  that  the  post¬ 
attack  perovsklte  surface  is  partially  or  fully  covered  with  TIO2  and  a 
thin  alllcaceous  layer.  Calcium  carbonate  and  Ca(0H)2  nay  also  be 
present.  The  atomic  concentration  profiles,  the  charge  shifted  0  Is 
peak  and  tha  SEM  features  Indicate  that  TIO2  is  the  dominant 
precipitate.  Even  though  XPS,  and  AES  to  some  extent,  will  average  out 
tha  localized  effects  of  TIO2  crystallites  over  the  whole  surface  area, 
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it  It  clttr  thtt  tht  tfftett  of  prtelpltttlon  Incrtatt  with  Incrtttlnt 
ttvtrltjr  of  attack.  la  tha  flrot  faw  Moolapara  0,  81  aad  C  art 
anrlchad  Ohlla  T1  and  Ca  ara  aubatantlally  daplatod.  Thaaa  layara  art 
tharafora  llkaly  to  ceoalat  of  alllea  (al,  hpdratad  apaclat  aad  carbon 
eoataalaaata. 

Tha  cryatallotraphj  ''f  tha  TIO2  praclpltatat  hat  baan  Invattitatad 
in  a  aarlat  of  aaparata,  but  ralatad,  axporloanta.  Ion  baan  thlnnad 
parovaklto  foil  tpacioant  tuitabla  for  trananibklon  alactron  alcroicopy 
(TEM)  hava  baan  ttudiad  at  Griffith  Univaralty  [9]  and  at  tha  Auatrallan 
Atonic  Enargy  Connittlon  [lO].  Such  folia  hava  baan  aubjactad  to 
hydrothamal  attack  (1S0-190*C,  1-6  daya)  in  aquanua  aolutlona  (DOW  and 
DOW  a  SIO2)  in  Parr  raactlon  v>iatala.  It  hat  baan  found  that  TIO2  gTovu 
at  a  pracipltatad  cryatallin^  phaaa  on  auch  tpaclaana;  uains  aalactad 
araa  diffraction  (SAD)  and  EPS,  thaaa  cryatallltaa  hava  baan  Indaxad  and 
analyxad  at  brookita  (OOV/)  and  alxad  brooklta/anataaa  (DDV  *  SIO^) .  It 
baa  baan  found  that  tha  axtant  of  grovth  Incraaaaa  with  tanparatura  and 
duration.  Convartaly,  aphona,  calcita  or  tlllca-baarlna  phaaaa  ara  not 
found  by  1TM/8AD/EDS. 


Machaniana 

Tha  followlnjt  aqullibria  ara  ralavant  to  tha  nature  of  parovsklta 
dlaaolutlon  in  DDW  aaturatad  with  dlaaolvad  alllea  and  containing  CO^ : 

CaTlOj  ♦  COj  -  TlOj  ♦  CaCOj  (t) 

CaTiOj  ♦  H2O  -  TIO2  ♦  CaCOH),  (5) 
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It  la  elaar  that  tha  affaeta  of  praclpltatloa  Incraaaa  with  Incraaalnc 
aavarlty  of  attack.  la  tha  flrat  faw  aonolayara  0,  SI  and  C  ara 
aarlchad  whlla  Ti  aad  Ca  ara  aubataatlally  daplatad.  Thata  layara  ara 
tharafora  likely  to  eonaiat  of  alllea  gal,  hydratad  apaclaa  and  carbon 
contanlnaata . 

Tba  cryatallography  '•f  tha  TIO2  praclpltataa  haa  baan  Invaatigatad 
In  a  aariaa  of  aaparata,  but  ralatad,  axparlnanta .  Ion  baan  thinned 
parovaklta  foil  apaclnana  aultabla  for  trananii.ilon  electron  nlcroacopy 
(TEH)  have  baen  atudlad  at  Griffith  Unlveralty  [9]  and  at  tha  Auatcallan 
Atonic  Energy  Connlaaion  [lO].  Such  folia  have  bean  eubjactad  to 
hydrothamal  attack  (150-190*0,  1-6  daya)  In  aquaoua  eolutlona  (DDW  and 
DOW  *  SIO^)  In  Parr  reaction  voaaala.  It  haa  bean  found  that  TIO^  growi 
aa  a  precipitated  cryatalllno  phaae  on  auch  apeclnena;  using  selected 
area  diffraction  (SAD)  and  ECS,  thaaa  cryatallltas  have  bean  indexed  and 
analyzed  aa  brooklte  (DOW)  and  nixed  brooklta/anatasa  (DOW  *  SIO^}.  It 
has  bean  found  that  tha  extant  of  growth  Increases  with  teaqjarsture  and 
duration.  Conversely,  sphene,  calcite  or  silica-bearing  phases  are  not 
found  by  TEH/SAD/EDS. 

Machanlsna 

The  following  equilibria  are  relevant  to  the  nature  of  pnrovsklte 
dissolution  In  DDW  saturated  with  dissolved  silica  and  containing  CO^ - 
CaTlOj  +002  ■  TlOj  +  CaCO^  (U) 

-  TIO^  ♦  Ca(0H)2 


CaTlOj  ♦  KjO 


(5) 


CcTiOj  «  tiO,  •  CaTlflO,  (») 

larllw  work  m  C4T10j  la  CO^-baarlAg  DDV  [4]  hat  •hows  that  tha 
dlaaolatloa  may  yrecaad  as  follows: 

(1)  folsotlss  Isaokiat  of  Ca^*  eosplod  with  hfdratloo  of  tha 

■srfaeo  layors. 

(11)  tatsratloo  of  ealeloo  earbooataa  la  tha  fluid  phaaa  and 
sltlaataly  proelyltatloa  oa  tha  sparlaan  aurfaca  (and 

aloowkara) . 

(ill)  Attalnraant  of  final  aqulllbrlua  ae  that  tha  partial  praaaura 

of  COj  la  raducad  to  an  aatant  that  CaTiO^,  carbonataa,  CO^  In 
•elutlOB  sad  Ca^*  la  solution  baeoaa  part  of  a  aalf-buf fara'l 

ayotao. 

Tha  atablllty  of  aphaaa  In  varloua  aquaoui  aadia  it  r|«arly 
ralavant  to  conaldaratlona  of  tha  chanlcal  durability  of  parovtiiKa 
Sphana  haa  baan  Invaatlgatad  by  Hayvard  at  al.  [ll]  Thay  havn  ihovn 
that  for  tha  ayatao  H^-HjO-CaO-TlOj-SlOj  It  can  bo  trsuad  on 

tharaodynaalc  grounda  that  (a)  CaTlO^  la  tha  ooat  atabla  phaaa  for  a 

?  ‘  •  r 

alllca  concntratlen  ouch  balov  aaturatlon  and  whan  K  'Ina  (|Ca  |;|M  ; 
la  high,  (b)  TlOj  la  favourad  whan  K  la  vary  low  and  (r)  CaTlSK'^  la 
favourad  for  aaturatlon  of  alllca  and  high  K.  Slallarly,  Naah-'  at  al 
[S]  haara  ahoam  that,  with  carbonata  In  aolutlon,  p«rnvaklta  la  atahla 
only  in  groundwatar  with  high  K  and  low  alllca  ronrantrai inna 
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TintHj,  Hayward  at  al.  [ll)  hava  alio  coaild^rad  tha  ttabiUty  of 
CaSlTlOj  la  tha  yraaiaea  af  earboaataa  la  aolutlon.  Thay  thow  that 
CallTlOj  la  tha  atabla  phaaa  at  all  taaparaturas  abeva  2S*C.  Tha  eranda 
of  tha  aayarlaaatal  raaalta  ara  that  CallTlOj  tpaclaaBa  axpeaad  to 
ayothatle  (roaadwatar  aad  CaO-TlOj-flO^  ftlt  la  aolatlno  at  100*C 
gaaarally  gala  walght  aad  that  praclpltataa  lora  oo  tba  aurfaca.  Thaaa 
praelpltataa  ara  foaad  to  haao  tho  aaaa  aer^bology  aa  apbanaa. 

Datallod  laaehlag  atadloa  by  aolntloo  aaalyala  hava  baan  carrlad 

oot  by  ilagweod  (12]  oa  tho  tyaroe  alnaral  aaaaablaga  which  cont«lni 

porowaklta  aa  oaa  of  Ito  aajor  eooatltnaat  phaaaa.  In  that#  itudlai  it 

waa  fowad  that  tha  laaeh  rataa  of  Ca  at  tha  aatraaa  taoparatura  of  9S0*C 

la  DM  wora  typically  of  ordar  10~^-10'^  ga/a^-day  whlla  tha  rataa  fur 

T1  wora  oaac  or  balow  tha  llalta  of  datactablUy  (•  10~^  ga/a^-day) . 

ilallar  aaaaoraaaata  aftar  hydrotbaraal  attack  at  200*C  ahowad  that  tha 

•1  -2  2 

laoeh  rataa  of  Ca  laeraaaad  to  10  -10  ga/a  -day  whlla  tha  rataa  for 

T1  wora  oachaagad.  Thaaa  oboarwatlona  hava  lad  Rlngwood  to  propoaa  a 
aachoolaa  wharaby  dlvalant  alaaanta,  auch  aa  Ca,  ara  lalactlvaly  laachad 
oot  of  naar-aorfaca  iayara,  laavlng  "aklna"  anrlchad  In  TIO^. 

Tbara  la  a  furthar  placa  of  avldanca  which  aay  hava  a  baarlng  on 
tha  gwaatloo  of  oachanlaaa.  Tha  total  hydrotharaal  ayataa  with  ratpar ; 
to  anblllaatioo  aad  daatlaatlon  of  apaclaa  can  ba  fully  charactnr Izad  by 
aaalyala  of  tba  aolld  aurfaca,  by  aaalyala  for  apaclaa  In  anlutlnn,  by 
lowoatlgatlooa  of  tho  aurfacoa  of  tha  hydrotharaal  ancIoau;n  and.  In  tha 
caaa  of  alllea  balng  proaont,  by  atudlaa  of  aollda  auapondad  in  anlntlon 
Ha  bavo  carrlad  out  a  lloitad  nuabar  of  auch  In /oat Igat Iona  of  tha  total 
ayotoo.  It  boa  baan  found,  for  Inatanca,  that  CAB-O-SIL  In  anlntlon 
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dMS  net  provide  •  ■nbetrete  for  preclpltacioe  of  speelos  in  solution. 
However,  on  the  walla  of  the  bpdrotharaal  anclosura  are  found,  by 
nn/IM  and  m,  a  alfniflfcant  aswent  of  Ca  (usually  as  a  precipitatsd 
calelwai  phosphate;  the  pheaphorua  la  present  as  a  trace  Inpurlty) . 
Ciallarly,  the  entent  to  which  TIO2  la  present  on  the  surfaces  of  the 
spec  loan  can  be  esed  ta  datoralne  tha  extent  of  dissolution  of  tba 
perevaklta  natrlji.  The  extent  of  dlssolntloo  nay  then  be  conpared  to 
the  total  aaonnt  of  extracted  Ca  la  the  syeten  in  ordar  to  datemlna  tha 
relative  Inportaaca  of  leaeblnt  veraua  dissolution.  Within  large 
experlaontal  aacertalatlea  It  waa  found  that  ‘.he  total  rata  of 
extraction  of  Ca  froa  the  apecinen  was  consistent  with  tba  dissolution 
holng  confntant. 

The  following  nodal  nay  now  be  proposed. 

(1)  Tha  net  effect  of  bydrothersuil  attack  Is  that  dissolution  It 
essentially  congruent  although  prefarantlal  extraction  of  Ca 
by  Ion  exchange  nay  occur  during  the  aarly  stages  of  the 
dissolution  process.  For  Instance,  It  nay  be  that  Ca  It 
extracted  froa  the  perovsklte  on  a  nonolayar  by  nonolaytr 
basis,  followed  by  collapse  of  the  pvrovsklte  structure  and 
subsequent  reerys':alllxatlon  of  TIO^.  Alternatively,  tha 
perovsklte  natrlx  nay  be  dissolved  by  bass  catalytad 
hydrolysis,  loading  to  release  of  Ca  and  precipitation  of 
TlOj. 

(11)  Tltanlun  and  Its  conpounds  ars  extreneiy  insoluble  In  aqueous 
solutions.  Thus  one  would  expect  that  dissolution  of  the 
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Mtrlji  will  b«  bf  pr*clplt«tlon  at 

tltcMtaa.  Hm  prasMt  avldaBea  thotra  that  TlOj  (•■  brook!  t« 
la  nw  loaeluat  aad  brook! to  oad  oaotoao  !n  tXW  *  tlO^ 
loaehaac)  la  favenrod  eoar  Bphaaa.  aron  whan  tha  laachant  !■ 
aataratad  by  ailiea.  It  la  poaalbla  that  T!  !b  aolnt!oa  !• 
eoaflMd  to  tha  local  ragieo  of  tha  double  lajar  at  the 
Bolntioo/aolid  latarphaaa  wh!lo  Ca  !a  froa  to  aqu!l!brata 
throucheat  tha  aelntloo  voluaa.  Thua  the  local  ration  of  tha 
double  layer  aay  be  aupar-aaturatad  with  raapact  to  TIO2  while 
undaraaturatod  with  raapact  to  tphana.  For  long  duration  and 
high  toaparatttra»  IS,  it  la  found  that  tha  81  concentration 
axcaada  10  at.X  with  a  depth  of  penetration  greater  than  10 
nn.  Thla  particular  hydrothanal  raglna  aay  therefore  be  a 
candidate  for  tha  fomatlon  of  aphana  In  accord  with  Neabltt 
at  al.  [9]. 

(Ill)  Tha  rOla  of  carbonataa  baa  bean  aatabllahad  In  an  earlier 
■tudy  and  praaent  Indlcatlona  are  that  there  are  no 
•ynarglatlc  effacta  with  the  rOle  of  alllca  in  lolutlon. 
Llkawlaa,  the  apparent  effacta  of  alllca  In  aolutlon  are 
ralatlwaly  nlnor  Inaofar  aa  the  rate  of  dlaaolutlon  and 
proclpltatlon  la  not  atrongly  dapandent  on  thla  variable. 
Kowawar,  It  la  poaalbla  that  precipitation  of  aphana  aay  be 
favoured  at  higher  teuparaturea  and  longer  duratlona. 
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uagnmaatman 


Thl*  work  «m  aMppecta^  ia  pact  kp  tha  AERE  Rarwall  Undatlpliip 
Raaaaceh  Prngra—a  aad  bp  a  (cant  ttom  tha  Auatrallaa  National  Eaartp 
Raaaarch,  Davalopaant  and  Panona teat Ion  Erotcanna.  Ona  of  tha  autbora 
(8.  Hphra)  ia  gratafnl  for  tha  aopport  and  hoapltalltp  axtandad  bp  tha 
Snrfaca  Analpaia  Saetlon,  ASIS.  BxparinantAl  aaalatanca  fron  Hr.  R. 
Bartran  and  Or.  L.  Valeh  at  AEEE  and  fron  Hr.  B.  Wood  of  tha  BSAF  la 
aapaclallp  acknowladfad.  Savaral  auggaatlona  fron  Dr.  D.  Savaga 
(Bx..tlah  Oaologlcal  Survap)  wara  noat  halpful.  Wa  ara  iodabtad  to  Ha. 
T.  Eaatrlaaloa,  Or.  P.8.  Tamar  and  Dr.  T.J.  Hblta  ^or  pamlaalon  to 
quota  unpabllahad  raaulta. 
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TABU  1 


Brdrotliw— 1  ma  pw— t«ri 


Boo  Lsoehoat 

03 

Duration 

(hours) 

A/v'  («■') 

Vassal 

11  ODV 

300 

455 

0.15 

Au’ 

12  DW  ♦  SiOj 

175 

30 

0.1 

Parr 

13 

m 

250 

ft 

tf 

R4 

n 

S2S 

It 

ft 

116  ODV  *  SlOj  (nnpurgod) 

ISO 

290 

0.1 

M 

R7  OOV  0  SlOj  (pntgod) 

M 

820 

ft 

ft 

R8  OOV  SlOj 

250 

670 

2  X  10“^ 

SS^ 

R9 

<• 

168 

" 

It 

RIO  DOW 

It 

168 

0.05 

Ag^ 

1  A/V  ■  R«tlo  of  tpoelMB  surfoc*  oroo  to  oolvion  voIum. 

2  SS  ■  L«rgo  stoinlooo  stool  vooool  (1  lltro  voluae). 

3  Au  ■  Soolod  gold  bog  is  prooourlzod  otool  vossol, 

Ag  ■  Soalod  silvor  bog  la  prosourlsod  stool  vossol. 
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TABLE  2 


TABLE  3 


Blndlnit  «n«ritl«»  »Pd  p««k  split' ings  for 
«p«cl«A  occurring  in  CaTIO^  and  CnTlSlO^ 


Species 

Xpa  Peak 

Binding  Energy 
(eV) 

0  Is 

Binding  Energy 

References 

T1  Bietal 

^P3/2 

453.1  (5. 5) 

TIO 

n 

455.1  (5.2) 

530.1 

[13] 

TI2O3 

n 

456.7  (5.. 5) 

530.1 

TlOj 

458.7  (5.8) 

-.30.1 

Ca 

2P3/2 

345.7  (3.7) 

CaO 

n 

347.1  (3.4) 

529.9 

[14] 

Si 

2P 

99.0 

[s] 

SiOj 

n 

103.5 

SiOjj 

99.0  ^  8.E. 

[1^] 

S  103.5 

0  t  X  S  2 

The  nunjberr  in  p«-.entheses  refer  to  the  splitting  of  doublets  as  reported  in 
the  literature. 
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At.  Abund. 


-CaTiSiOs 

-CaTiOj 


CaflO 


Ti 


3 


CaTiSi  O5 


%  At.  Abund. 


Approx.  Depth  ScQle{nm) 

01  1  10  100 


u 


AERE  B  12390  Fig  3 

Abundances  of  (a)  Ca  and  Si.  and  (b)  Ti  and  O  as  functions  of  ion  oirhing  r  ' 
temperature  is  investigated.  290  nrsat  t50"C  in  DDW  *  SiO  .  (ttOi  •  .’'.>'1 '  '  " 
DDW+Si02(R3)  =  o;  160  hrsat250  Cin  DOW  ^  SiO,  (R9)-  s,n7i)  lus  m  ninv  . 


Approx.  Otpth  Scalf  (nm) 


Binding  Energy  (tV) 


Binding  En*rgy(tV) 


AERE  R  12390  Fig.  6 

Evolution  of  O  1  s  onvolop*  a*  (unction  of  ton  otctitng  Oosa  lor  08  slrowino  charqo  shiMon  pnn»  ih 
to  oftfiar  Itia  praMOo*  of  pracipitatad  titanata  on  attacked  sudaco.  or  a  orecipnateo  siiicacoi  lus 

layer 


AERE  R  12390  Fig.  7 

Expflmwital  Tl  2p  •nvlop—  tor  (a)  potishgd  unlMched  surface  (RO).  (b)300X  lor  455  brsm 
OOW(Rl)«nd(c)  175*C for 250 hr» in DDW+SIO, alter  ZD»100  nA  mn 


Intensity  (arbitrary  units) 


200  400  500 

Kinetic  Energy  (eV) 


AERE  B  12390  Fig  9 

AES  point  scans  on  perovsWte  fracture  face  Top  scan  is  lor  Pi  (Flgui-i  8(a)i  in  the  perovskite 
substrate,  middle  scan  is  lor  P2  at  the  subsi'^ate/precipiiate  interface  and  the  botiom  scan  is  for  P3 

in  the  precipitate  layer. 


DATE 

fi*LMED 


